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INTRODUCTION

I .
Energy may exist a s heat i n solids by virtue of t h e i r r e s i s t a n c e t o the flow of e l e c t r i c c u r r e n t , by induction o r by nuclear reaction. problem of determining the t e m p e r a t u r e distribution and the t h e r m a l s t r e s s occasioned by t e m p e r a t u r e gradients is especially important in the design of equipment i n which t h e r m a l energy is t r a n s f e r r e d a t high r a t e s . The r a t i o of the c r o s s section of the solids t o the heat t r a n s f e r s u r f a c e s is c r i t i c a l since the heat is t r a n s f e r r e d by conduction t o the s u r f a c e of the solid and then by forced convection f r o m the surface t o the coolant. If the path f o r heat flow is too long o r the r a t e of i n c r e a s e of energy level is too fast the t e m p e r a t u r e gradient --through the solid c a n be g r e a t enough t o c r e a t e excessive t h e r m a l s t r e d s o r disintegration. The m o s t common g e o m e t r i c a l configurations considered a r e s p h e r e s , r o d s , round tubes and p l a t e s . T h e s e will be t r e a t e d with the simplifying assumptions that the heat generation is uniform p e r unit volume of m a t e r i a l and that the t h e r m a l conductivity, coefficient of expansion, and modulus of elasticity r e m a i n constant.
T h e equations f o r t e m p e r a t u r e distribution a r e developed. T h e s e a r e substituted into the s t r e s s equations (1) and c u r v e s using dimensionl e s s groups in the s t r e s s equations as coordinates a r e presented.
It is impossible t o anticipate all the mathematical e x p r e s s i o n s f o r the s o u r c e function o r the boundary conditions, t h e r e f o r e the f o r m of the g e n e r a l solution of the c a s e s m o s t frequently encountered is given and it is hoped the technique employed will aid i n the solution of specific c a s e s .
SYMBOLS
. . . ..
S =
radius of inner sur.face radius of outer s u r f a c e flexur a1 rigidity modulus of elasticity heat p e r unit a r e a heat . t r a n s f e r coefficient t h e r m a l conductivity width bending moment heat p e r unit volume radius s u r f a c e 
SPHERES
Energy in the f o r m of heat p e r unit volume is generated uniformly and steadily within the metal of the s p h e r e and t r a n s f e r r e d by conduction t o the s u r f a c e f r o m whence it is t r a n s f e r r e d by forced convection t o the coolant. The heat energy s t o r e d in unit t i m e in a s p h e r i c a l shell is d e t e rmined in the following manner. The r a t e of heat flow Hr at any distance r is equal t o (-4.rrr2KJT/2r), and ..-. . .
When no heat s o u r c e e x i s t s within the s p h e r e the t h e r m a l energy s t o r e d in unit t i m e in a s p h e r i c a l element d r is
With heat generation, the heat in the element d r is (q4.rrr2dr)
, .
Equating 1 and 2
T h e g e n e r a l solution of this equation f o r the steady s t a t e is where 8 = T -T s f o r solid s p h e r e 9
The-equations f o r s t r e s s distribution i n a solid s p h e r e a r e . ,
. .
0
Substituting the value of 8 = T f o r the solid sphere into the equations f o r s t r e s s
(10)
The equations f o r s t r e s s distribution in a hollow s p h e r e a r e r -2 a E [ . r : -a . .
. . 
, :
The g e n e r a l equation for t e m p e r a t u r e distribution is the s a m e as that f o r r o d s but t h e r e a r e m o r e combinations of boundary conditions. Heat may be t r a n s f e r r e d f r o m both the outside and inside s u r f a c e and a t different r a t e s .
The g e n e r a l equations of s t r e s s f o r long hollow cylinders a r e Ea a =-
Heat t r a n s f e r f r o m both s i d e s but coolant t e m p e r a t u r e not equal on inside and outside s u r f a c e s of tube 
.
Substituting 8 into general equations of s t r e s s
..
Equations 26, 2 7 and 2 8 ' a r e shown on F i g s . 5, 6 and 7. . , .
. . . . .
1.
Heat removed f r o m the outer s u r f a c e of tube only.
0 -T into g e n e r a l equations of s t r e s s a
Eaq
[ E: 1-z: { b4 -4a2b2 t 3a4 t 4a44n-
.30, -3.1 and 32 a r e shown on F i g s . 8, 9 and 10 ...
,. 
I
-.
I .
C a s e I Heat generation constant and coolant t e m p e r a t u r e equal on both s i d e s . ..
Cas.e I1
.. .
4
Heat generation constant and coolant t e m p e r a t u r e not equal on both s i d e s d2 T
€X
T h e heat s o u r c e is frequently e x p r e s s e d i n the f o r m q = qle tq, and the heat t r a n s f e r r e d f r o m each surface of the plate is not equal. Substituting the heat function q into the g e n e r a l equation for the steady state. . _.
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